Patients with tumors of 3 to 5 cm were divided into stages T2a (3 to 4 cm) and T2b (4 to 5 cm) based on the 8 th tumor-node-metastasis staging system for lung cancer. The objective of our study was to explore appropriate surgical modalities for the new stages, T2a and T2b. We selected 6,996 node-negative nonsmall-cell lung cancer patients with tumor sizes Lung cancer is the most commonly diagnosed cancer and remains the leading cause of cancer-related death in both males (27%) and females (25%)
Lung cancer is the most commonly diagnosed cancer and remains the leading cause of cancer-related death in both males (27%) and females (25%) 1 . Non-small-cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer cases 2 . Available therapy choices for lung cancer, such as surgery, chemotherapy and radiation therapy, have little impact on patient survival, due to metastasis and recurrence [3] [4] [5] . For early-stage lung cancer, surgery is the most common treatment modality 6, 7 . Therefore, accurate staging is crucial in determining the most appropriate treatment approach.
The TNM (tumor-node-metastasis) staging system, based on primary tumor size, number of lymph nodes affected, and the presence/absence of metastasis, is one of the most important lung cancer staging systems, according to the International Association for the Study of Lung Cancer (IASLC) 8 . This staging system is used for prognosis in lung cancer patients and serves as guidelines in choosing appropriate treatment methods [9] [10] [11] [12] . The 8th edition of TNM staging for lung cancer has brought multiple changes to the 7th edition staging system. This revision was prompted by recommendations made in the IASLC International Staging Project 13, 14 . The revised staging system for lung cancer is closely associated with the choice of surgical procedure 15 . The previous NCCN Guidelines (Non-Small Cell Lung Cancer, Version 8.2017) only classed tumors as operable or inoperable based on the negative mediastinal nodes. Treatment methods for operable tumors include surgical exploration and resection, mediastinal lymph node dissection or systematic lymph node sampling 16 . However, the NCCN Guidelines do not provide specific information which would allow the selection of the most appropriate surgical approach for tumors of different sizes. Some recent studies have explored the most appropriate surgical modalities according to tumor size for NSCLC patients. For example, He et al. showed that lobectomy was better than sublobar resection for NSCLC patients with tumors measuring 0 to 2 cm 17 . To our knowledge, no such study has been conducted for NSCLC patients with tumors of 3 to 5 cm. Therefore, we devoted to finding the appropriate surgical modalities for these patients.
NSCLC patients with tumor size 3 to 5 cm were divided into stage T2a (3 to 4 cm) and stage T2b (4 to 5 cm) groups according to significant differences in survival in the 8th edition of the TNM classification for lung cancer 8 . Due to changes in the staging system, the most appropriate surgical modality for these two groups of NSCLC Scientific RepoRts | 7: 13050 | DOI:10.1038/s41598-017-13495-w there were no significant differences in either OS or LCSS based on cancer locations and tumor primary sites. In multivariate analysis, data were adjusted for age, sex, race, tumor histology, tumor size, degree of differentiation, regional nodes examined, scope of regional lymph node surgery and surgical modality. Results showed that tumor size was an independent predictor of both OS and LCSS. The new stage T2a (3 to 4 cm tumor size) patients had a better prognosis than new stage T2b (4 to 5 cm tumor size) patients, regarding both OS and LCSS, as listed in Tables 2 and 3 .
Choice of surgical modality for new stages T2a and T2b. Selected patients were classified into 5 groups according to the surgical procedure chosen for their treatment, which included wedge resection, segmental resection, lobectomy, pneumonectomy and other surgical modalities. Kaplan-Meier survival curves and the
Characteristics Number of Patients
All patients (n = 6996) Tumor size 3-4 cm (n = 4599) Tumor size 4-5 cm (n = 2397) P All p values were two sides and less than 0.05 were considered significant. Lob = lobectomy group, Pne = pneumonectomy group, Seg = segmental resection group, Wed = wedge resection group, Oth = other surgery modalities group, HR = hazard ratio, CI = confidence interval.
log-rank test were used to analyze OS and LCSS between these 5 groups, as shown in Fig. 3 . There were significant changes in both OS (p < 0.001) and LCSS (p < 0.001) of these 5 groups of patients. Patients treated by lobectomy had a longer survival, observed in both OS and LCSS. However, there were no significant differences among wedge resection, segmental resection and pneumonectomy, in either OS or LCSS. Table 2 . Univariate Cox Regression of prognostic factors in NSCLC. All p values were two sides and less than 0.05 were considered significant. NSCLC = non-small-cell lung cancer, OS = overall survival, LCSS = lung cancer specific survival, HR = hazard ratio, CI = confidence interval.
Subgroup analysis was performed to compare patient survival between new stages T2a and T2b (Fig. 4) . The outcomes of different surgical modalities were different between these two groups. For new stage T2a patients, lobectomy resulted in a significantly better prognosis, regarding both OS and LCSS. Lobectomy was the most appropriate surgical treatment modality. There were no significant differences in patient survival among wedge resection, segmental resection and pneumonectomy. Patients treated with other surgical modalities had the worst prognosis. However, the situation was different for new stage T2b patients. Though lobectomy patients had a significantly better prognosis than wedge resection patients, there were no significant differences in survival among pneumonectomy, segmental resection and lobectomy patients. Consequently it was difficult to choose the most appropriate surgical approach for new T2b stage patients among wedge resection, segmental resection, lobectomy and pneumonectomy.
Discussion
The present study focused on the new stages T2a and T2b in the 8 th TNM staging system. Complementing the changes in TNM staging 8 , the appropriate surgical modalities also changed. Results indicated that lobectomy was the most appropriate surgical treatment modality for new stage T2a (3 to 4 cm tumor size) patients. However, for new stage T2b (4 to 5 cm tumor size) patients, the choice of surgical modality among lobectomy, wedge resection, Table 3 . Multivariate Cox Regression of prognostic factors in NSCLC. All p values were two sides and less than 0.05 were considered significant. NSCLC = non-small-cell lung cancer, OS = overall survival, LCSS = lung cancer specific survival, HR = hazard ratio, CI = confidence interval. All p values were two sides and less than 0.05 were considered significant. Lob = lobectomy group, Pne = pneumonectomy group, Seg = segmental resection group, Wed = wedge resection group, Oth = other surgery modalities group, HR = hazard ratio, CI = confidence interval.
segmental resection and pneumonectomy, depended on actual specific situations. We concluded that lobectomy was more appropriate than wedge resection for new stage T2b patients according to the prognosis analysis. The major revisions of the 8th edition TNM classification for lung cancer staging, by the IASLC International Staging Project, are intended to improve the survival of lung cancer patients by increasing the precision of tumor staging 18 . In the 8th edition TNM classification, the T descriptor has been changed from the 7th edition TNM classification 13, 14, 19 . The newly introduced T stages raise interesting questions, leading us to considered that the appropriate surgical treatment modalities might have changed accordingly. There is currently no consensus regarding the most suitable treatment choice for operable tumors between 3 cm and 5 cm [20] [21] [22] . It has been reported that surgery is the most appropriate treatment method for patients with early stage NSCLC 7, 17 . However, the most suitable surgical modality for early stage NSCLC is yet to be determined 23 . Some associated studies have indicated that lobectomy was the first choice of stage I NSCLC lung cancer. He et al 17 . indicated that lobectomy was better than sublobar resection for NSCLC patients with tumors measuring 0 to 2 cm. Moreover, for patients with tumors of 1 to 2 cm, segmentectomy was more appropriate than wedge resection. However, for NSCLC patients with tumor size 0 to 1 cm, the choice between segmentectomy and wedge resection depended on specific situations. Nevertheless, there are still some disputes about the most suitable treatment choice for these patients, especially in the elderly [24] [25] [26] . For instance, Razi et al. showed that sublobar resection was not inferior to lobectomy for elderly T1aN0M0 NSCLC patients. Though there were many studies exploring the association between surgical methods and TNM staging 24, 27 , none have focused on NSCLC patients with 3 to 5 cm tumor size. This is the first study to explore the most appropriate surgical modalities for the new stages T2a and T2b in the 8th edition TNM staging system, based on a large population selected from the SEER database. Results indicated that, for stage T2a NSCLC patients, lobectomy had a significantly better prognosis regarding both OS and LCSS. The most appropriate surgical treatment modality for these patients was lobectomy. However, among wedge resection, segmental resection and pneumonectomy, there were no significant differences in either OS or LCSS. Patients with other surgical modalities had the worst prognosis. The situation was different for 4 to 5 cm tumor size NSCLC patients. Though lobectomy patients had a significantly better prognosis than wedge resection patients, there were no significant differences in survival among lobectomy, pneumonectomy and segmental resection patients. Although it is difficult to choose the best surgical modality for stage T2b patients among lobectomy, wedge resection, segmental resection and pneumonectomy, we could conclude that lobectomy was better than wedge resection surgery. These findings could be used as guidelines in choosing the best surgical modality for NSCLC patients with tumors measuring 3 to 5 cm.
We compared our analysis results by SEER database to the analysis results by IASLC database 8, 19 , and identified some limitations to our study. Firstly, our paper is a retrospective study. Although we performed some measures to control bias, there are still some biases that could not be balanced. Secondly, the choice of surgical modality for NSCLC patients is not only determined by the size of the tumor, but also by the general performance of patients, pulmonary function, the primary site of lung cancer, etc. However, the SEER database lacks related information. Furthermore, although the SEER database is a population based database that includes cancer stage data and patient survival information in the United States 12 , it is not without problems. For example, the detailed classification of lung adenocarcinoma is not standardized and straightforward. Furthermore, the database lacks some factors related to lung cancer, such as smoking data, general patient performance, R0 margin resection, etc. Also, there is no information regarding the use of adjuvant chemotherapy and radiotherapy. Fortunately, adjuvant chemotherapy and radiotherapy are not very important in the treatment of early stage lung cancer patients.
This study showed that it was appropriate to separate 3 to 5 cm tumor size to new stages, namely, T2a (3 to 4 cm) and T2b (4 to 5 cm), due to their different prognosis. Lobectomy is the most appropriate surgical treatment modality for new T2a stage patients. The choice of surgical modality for patients that cannot tolerate lobectomy, among wedge resection, segmental resection and pneumonectomy, depends on surgical skills and patients' situation. For new T2b stage patients, the best choice of surgical modality among lobectomy, wedge resection, segmental resection and pneumonectomy, is unclear and depends on the actual specific situation. Nevertheless, we conclude that lobectomy is better than wedge resection, according to the prognosis analysis in this stage.
Patients and Methods
Ethics statement. We obtained permission to access the SEER research data files using the reference number 11971-Nov2015. The data released by the SEER database do not require informed patient consent, and our study was approved by the Ethical Committee and Institutional Review Board of Shandong Provincial Hospital Affiliated to Shandong University. The methods were performed in accordance with the approved guidelines.
Data source.
We collected all our data about NSCLC from the SEER database, which includes collected clinical pathological data about multiple types of cancer cases in the United States, representing close to one-third of the US population. This database is updated every year to cover the new follow-up information and bring novel cases into the database. We selected all patients with histologically confirmed NSCLC, with 3 to 5 cm tumor size, diagnosed between 2009 and 2013. We confirm that all our methods and experimental protocols are according to relevant requests.
Study population. The inclusion criteria were as follows: the patients of SEER database who were histological diagnosed as NSCLC between 2009 and 2013 were selected using the SEER Stat software. We only collected malignant behavior cases whose tumor sizes were between 3-5 cm, with no lymph node invasion and no metastasis. Moreover, we only selected patients whose tumor locations were left or right and only patients who had received surgical treatment.
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The exclusion criteria were as follows: small cell lung cancer patients were excluded. Patients whose N stage and M stage were N1, NX, NA, or M1, MX, MA were all excluded. Patients with no information regarding surgical treatment were excluded. Patients whose diagnosis was established clinically, rather than by histology, were excluded.
Flow sheet of the number of eligible patients included in the study was shown in Fig. 1 .
Study variables.
Patient information, including year of diagnosis, demographic information (age, race and sex), tumor size, location of lung cancer, histological type of the tumor, degree of differentiation, site of primary tumor, examination of regional nodes, scope of regional lymph node surgery, surgical modality, survival information and cause of death, was obtained from the SEER database. For the baseline characteristics analysis of patients with NSCLC, all cases were classified into two groups, according to the tumor size. In univariate and multivariate analysis, age, sex, race, location of lung cancer, histology, degree of differentiation, site of primary tumor, examination of regional nodes, scope of regional lymph node surgery, and surgical modality, were all classified as categorical variables. Age was classified into two groups, namely, less than 60 years old and more or equal to 60 years old. Cancer location was categorized as left and right lobe. Histological type of the tumor was divided into adenocarcinoma and nonadenocarcinoma. Cancer degrees of differentiation included well or moderate degree, poor or undifferentiated degree and unknown degree of differentiation. The sites of the primary tumors were categorized as upper, middle, lower, main bronchus, overlapping lesion of lung and other (including lung with NOS). Regional nodes examined were categorized into 5 groups, namely, no regional nodes examined, 1 to 30 regional nodes examined, 30 to 60 regional nodes examined, 60 to 90 regional nodes examined, and other group (including, no regional lymph nodes removed but aspiration of regional lymph nodes performed, and number of lymph nodes examined unknown or not stated). Scope of regional lymph node surgery was divided into none (no regional lymph nodes removed), 1 to 3 (1, regional lymph nodes removed; 2, intrapulmonary, ipsilateral hilar or ipsilateral peribronchial nodes; 3, ipsilateral mediastinal or subcarinal nodes), ≥4 (4, combination of 2 and 3; 5, contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene or supraclavicular nodes; 6, combination of 5 with 2 or 3), other scope (unknown). Surgical modalities used in the treatment of selected patients included wedge resection, segmental resection, lobectomy, pneumonectomy and other surgical methods (including surgery NOS, excision NOS, laser excision, bronchial sleeve resection ONLY, resection of lung NOS).
Endpoints. OS and LCSS were used to evaluate the prognosis of NSCLC patients 11 . OS was determined as the time from the diagnosis of lung cancer to the death of the patient, independent from the cause of death. LCSS was defined as the time from the diagnosis of lung cancer to the death of the patient, only when this was a direct consequence of lung cancer. For OS, patients who were alive on December 31, 2013, were defined as censored data. For LCSS, patient death due to causes other than lung cancer or alive at the end of the follow-up period, were all recognized as censored data.
Statistics. SPSS version 20 was used for the statistical analysis. To examine the association between each baseline clinicopathological variable and tumor size, the Pearson χ 2 . coefficient was used. Univariate Cox proportional hazards regression and multivariate Cox proportional hazards regression were used to assess the association between survival information (including OS and LCSS, expressed as p value, hazards regression, 95% confidence interval) and the other variables. Kaplan-Meier survival curve analysis and log-rank test were used to compare the survival information (OS or LCSS) of the newly defined T2a (3-4 cm) and T2b (4-5 cm) stages. All p values were two-sided and values lower than 0.05 were considered significant. Data availability. Datasets generated and analyzed in this study are available in the SEER data repository, [https://seer.cancer.gov/].
